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[fSsR« 1 ] 

m^m^s?s<D^ A y h . mm ^ mmrs (D -iz if y h . Rzfmm^m'Mt^mmi^mm<D 
if yt. y h ic-D^^r (Dmmmmm(D±-t if ^ y h (ommicm-^ ^ . m9\^m<o^^ if ^ y 
h ic-D\.^x (Dm^mi)^^^-^ if ^ y h (Dmmitmmm^nmir ^m^itmmmwta^ t . 
mtimmm^m<Dmm. Rxsmtim^itmmm<Dmt^i^mo)±-bif y h <omm^c&■:5^ 

Hf)tsiHS§i5t4. mMm.^{tmmm<D±-izif ^y h(Dmm^mm'M:^mtti^n^^mm(o-^ 

[ l» ^ IS 3 ] 

msEmmmit.ts!sim^itm=Bm<o±-tif?tyh<Dmm^mm'Z^^i:i3:^m^^m^<D^ 

mic I hufircm.xmwi.rcm^m.^itm'&i&tL. m i ^^m tn^^mmm(Dm.^itmm 

nmm t mmmmm t (D m ^ ^ {tm^ m iciia ^ rc m ^ mm itmm m t h X m X ^k<o 
n^'pmm^mm-r ^ c t^wwit-r ^m^m \ ^m.<D:^y h "7 - i^mnrnWo 30 

(D^^-y h y - i/^9\-^mo 

[ 0 0 0 1 ] 

^mm^i. \N D M9tBmy 7. 7- -y h "7 - i^ mnmmicm L . i^^fjos^* 

[ 0 0 0 2 ] 

[ f/te 5fe CO s It ] 

^fe. m^j3::^P- K/^> K^^^O«Slc#^^, ^ S SI SI 1? E o ^ * © )t ii « ^ S ^ 
^ ^ -a: § il i: J^'' 51 tl T W D M 73 ^ A^* ii % M L T ^ o C n !C f# V^ , « vMs ^ 

i/x^Ati, ^mRummmicMm^ tircmm<^mm ci r) xt4Si*^ai§ or) 

c(Dm^io'^mm^n^ct\cxoMimm^itt^^{tLx^ismxn^r-^trj:^c so 
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t ^ m ±-r ^ rcub X' ^ ^ o 

[ 0 0 0 3 ] 

m^i^m-^^xh^. m \ 7Jc^-r<t9ij:. mm z # i . 2 # 2 <d e.m f^'^ 7 m (o -t ^' :a > 

hl~7lc5i'fiJ^fnTV^-5o if y h li. S&m 2 # I. 2#2P^le. ^46^i6^nrc{S 
Blcg[!H^n^lR/3Ri:SS^2#lBS, lR/3RtSffii^2#2R,1. IRF^. iRi: 
3 R!^^\.'r> c ^- -y h U - t It . ^ -tr > h 5fe J: D . -t ^ h i ( i = 1 ~ 

7) (7)4g<0/-KfiiB4#i (i = l~6) tClR/SR^EiS-rSCt^V^-?, •t'y;>< 

^<DMaM^MM-r^^< 1 R X 3 R X K) t <D ^ ?i y b ^ n ^-^ m ^ ti'^ . lo 

[ 0 0 0 4 ] 

^SNR^gcffl-rSn ^J^lf^ 01 TtfoilHiafc^-rJ;^};:. ^®iiJJS^2#i(i, yt 

sNR*^3c. 0 d B X- ^ ^ mm L fc 1 1 ^ . ^ s N R it ytT y ^ CO m ^ m 

m x-r ^ \c mm -r ^ ^ <D X ^ . mm^s NR;b^2 3. 8 d b t^^o 7.7- y -f s 
6 T . # fs )t s N R ame nr s *ij ^ fit ^ ia ;i r s A- g * « * -r 20 

[ 0 0 0 5 ] 

^«JtSNRib^eiMRlS*iJ^fii%S^fc^&{f, 7.x-v^S8tC3ityo ajUHTS^iJ^ffl^ 
m^^^^^Ji . 7.7^ y ^ S I A IcmtS o I m S X It . mm <D 9c S N R t>^ 3 0 . 0 

dB.«ffl3tSNRA'5 23. 8dB-efe»?>aji5I5W^ffil7. 5dBctDt.:^#(/>(D 
Xx >y y S 8 tcifttyo X -r -y :^ S 8 l:: fci>T . M ^ - K IS It^g f ^ ^ ^ If . iE^ 

h' ii^ mm m 2 # \ rj: CO X . CCXlt. iRjt.L^l-o XT--y7°S 1 OlcfeV^T. ^feO 

(f . mrt ^ . 

[ 0 0 0 6 ] 30 

mtE (D / - }^ {iim ^ m m X rj: if rui . xv- -yf s i 2 icmts. x -r -y t' s 1 2 ic 
i^x , M^(D y - ¥ ^Mmm^m%3 1 L . / - h'^mam^^k/ - h iz^r, c exit. 
m^(D y - 4 4^ I ^mwm^mm t L . ;^/-K4#2icSLr. :^f-y-fs2[cm^ 

„ 2lilg-eti. X7^'yyS2. S4 1C43V^T. ^fe<0/-F4#2lc{gS^*mg§^iaS 

M3REr^<Diffi?tsNR*»m-r^o 2(niB-e{*, mtECD / - Y 4 # 2 (ommyts 

N Rif 2 I . 4dBt^t), f5iMnrSW^ffi^®xrv^^<D-Z:-. X-r'yysStcfcV^T. 

[ 0 0 0 7 ] 

3|HlB Xx-y7°S2. S4, S6te:*3V^T, iHa(^/-H4#3tC<SS^4'aSgi* 40 

SHSL. {g3REPrg£0«fl7tSNR;&^HiL. mtE <D y - I'' 4 # 3 <D m m ^ S N R ti^ I 9 

. sdBtrjiO. Bm'si^m^m^mxx i> ^ <Dx . m y - ¥ 4 # 2 ^mB'pmmi^iE^ 

tcffiS^LT. :^y — K4#4{c^bT, X7^'yyS2tc;^So 4, smSfli. X-r'y^ 

S2, S4. S6^i:fcV^T,^fe<D/-K4#4. 4#5tCMHife*'fifl%EBL,<S3 
R|Er«^(Dam7^SNR%^mt.Ill£(0/-K4#4. 4#5<D«(17^SNR*M8. 6 
dB. 1 7. 7dBt^»3. f2 3MoIS^lJ^(i%^^TI.^^CO-e, M/-K4#3. 4#4 

[ 0 0 0 8 ] 

6Iil@-pti,X7"-yyS2. S4. S6lCfcV-T.^ffi<D/-K4#6lCffiiSif1='^iii^ 
BElEb. (g3REra<?)«f§7^SNRJ&3Sthb. ^ft(Dy-K4#6cD«fS7tSNR3!3'«l 7 50 



(4) 



JP 2004-48477 A 2004.2.12 



s 1 4 ic 4b T . mi y - i3^iKmm4>mmv & ^ t)-^^ ^m^-i- ^ . m y - h- ti^is.mB'p 

ttH H jS: e. ti\ X 7^ -y y S 1 6 izMis. tti / - V ii^ i^'S B ^ B ^ rj: If . 7« 7^ <y ^ S i 
8 t it ty o 

[ 0 0 0 9 ] 

FSftfitHti^s L^v^o 7iHiST'{i. y - \^ 4 # 5 fim^^mm t LrmmtE nx . m 
^n'± ' mm^^T d <DX'. y - }^ 4 # 5 t'^mnmi^m 2 # \ tmmco'i^m^^rzL. 10 
s tmm(o'&m^ Lr . mtE(D y - ¥ 4 # e ^^^^m^^m^ t l , /-KSfKis^sfi 
fflijss®2#2ici^-ro 8iHiST'«. m y - ¥ i « 6 ^BB^m^ t L . xx-y^sz-s 

lOfCcfcO, y-F4#6^^Jgf«|§§i:LTiES:iCl!S^LT, $?7-ri.o 
[0010] 

f;¥5fcOWDM7te)ii^X7"Acr)^--yh7-^^ti-;&ffll/^Tlf^4'll*§§«0SaSfitB*j*^-r 
i.^^. «ffi^ S N R ;bMEig5i5!^JS{g J; O < * 0 fejM^Rl i: ^ ^ * T , S^f^igg 

{C5^-rj;3ti:.ig^2#l~y-K4#5<D3REPrfT{i, #m^SNR;6M7. 7dB 
-r^^cOECStUT^ y-F4#5~*^iS2#2c03REPBlTt±.«fS7tSNR*^2 1. 4 
dBii=3:0, ^SNR7b^<li^li:jS{ii:^^, 
[001 1 ] 

C(Orclsb. mm^M<D^iE(DM.^i^mLXm^li. (n'M'^ ^ m^M. t ti ^ if . ft S N R (D 
- y y tf' & ^ 3 R mm t rj: 3 R E 4 i; ^ W 14 A^' § o d co S N R v - v>- y A": 

^i/OREP^tC*5l^T(i. 3tSNR-7 — i/'^ft'Sfe^SRKiatttiiL. m^t/^WMir 
M X X 2* Sa St E *> T ^ O 0 ^ X - ^ <^ ^ M 3b< « * L fc Jl « , ^ O S 

cn5){<:iaiaL/c?<y-rf->'Xlc^:;^^J5ffl7b^^U§BTH^14A^fe?.o c:np.c0;5% 

#it-rntf, m^icMm<D^ s n R-efe-s. 3 rew^^^i:^ t\^- ^ ^^(dv^ d M^^mmiy 

[0012] 

ffl b /c ^ -a- . a m 7^ S N R O S W t± # ic ?a J« ^ /-c i6 , ^ ?S: R# Hg t ^ :^ ^5)^ o T u $ 
e^5te(D^. >yF7-^S It ?..«{§ ^SNROtSl^ ft ^IS^^^fctLTt. ^ 

SBBS©19iaS-^«fi)tS N RcoSft^ft'«*^^0©®B£T'%^UTt^5fcJ6. ^ttic*^ 
;^)^5Xv^-yy^A'«^:;*:^tO{i:^oTL$3> ^ ix <^ <0 ^.fi-^ ^ . tj^SfecDWDM^fEj^i^X 
7"i.cOT^'yF7-^Stt¥^{iJc)!)*<0<i:V^©ft/3'!*fT-e^^V^o 
[0013] 

y_^^H.^j4;^^^5:-^5Jii:0DT*#§^^-yF7-i'®ft^S*il«^t-§i:i:%@Wi:-r 

S o 

[0014] 

[fiSM*<i?^-r-g.fcJ6«#f5] 

Hi ( a ) ~ ( c ) l±*ieB^<OJ^S0T'fe K> . m I ( a ) {ifSil^^ F 7- ^ t 
■ria. Hi (b) ti^fti^mfEjM^ -y F "7- , HI (c) (i (e -y F V - 
SattSHtOiSfiJciaTS^o 0Mc5^-rJ:^lc. fE3Mt^-yF7-^^x;H^, -yF^-i? 
^fh^-r-5.fc46O^-.-yF7-^^x;H:$.0. jMiiPJS^Sl 0# 1. Sfeffii^Ml 0#2 
[felA^ (n+1) m<D't ^' y- y V \ 2#1~1 2# (n+1) iH^^blS.^o -i: ^' :^ > h I 2# 
1 (l = l~n+l)(0ii|gl4#i (i = l~n)IC^0r|3^g§A^SH^^nSon(i^te 

[00 1 5 ] 
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2 0 # 2 m mm ^ m 2% X li n 'jEf^ mss (o y - h' iiim 2 2 # j ( j = 1 ~ m ) & ^ cd -t 

^"^>h24#j (j = l~m+l) <oM^ft*^KJni:^-pTv^s„ 

[00 1 6 ] 

M Jsi ^- * » m g|5 3 0 {± . [3 1 ( a ) (c f f£ 53^ h "7 - t 7=' ;nc ^ , -t y 

y h 1 2# i (i = i~n+i) -D i> r (D mm i^'B M (D ± >!. y h ic-D X (D m 

-Zf^. 8afJ-^*^<0S-fe^"p<>'h 2 4 # j (j = l~m + 1 ) lC*3lt5^#ft3f)^P)^-by>« 

i (i = l~n+l)lc■^v^r^Da•^P^8#a<^)^.?^.&t^Mtg^b^i^M^oKStw^^o^-fe 10 

^ y i- 2 4 #j (j = 1 ~m4- 1 ) (Dfe^fillcSo^. 
[00 1 7 ] 

RV-->"V*f#§Ci:A"«-e#?)a <toT, )tSNR-7-->'V*'!^l>^^i:lt«?LTKtt-^ 

t> . h V - ^ s It a ^ ^ s -r 5 nj flg It ^ M '> $ -ij ^ i: A'' -e # ?> o s > ± «y 

h 7 - i7 S tt ¥ ^ ffl T S It « n -y h 7 - -r T- fc i£j ^ {t S n T 5 A6 a « ?t 20 
S N R 5 o fc:^SiBS<0»ilM£DiiSM*<^ V^o fit o T . ^> h 7 - S tt 

[00 1 8 ] 

m 2 it^'^m<ommMm\c X ^ ^- -y h - ^ums(om^mx ^ ^ o m 2 \c7j^ir ^ ^ ic 

. <yh7-^^ff^Sti, /^yn>-^7-i7XT-->3>'^©33ytf3.-^5 0tCj;l3 

7°ny^A6 0 ^7"- ^ ^- X 6 2 ^ mmt ^ sim'^m 5 6 Rxsyu 6 om 

^Hfj-r^C P U <E> mmSfi 5 S^^e^tsit^nSo 4^-4? - K 5 2a:3.--tfj;0^-y 

f 7-:^^tflca^t>S=i^> K^^A:'^ LT. /^X5 9^iiLT, «ia§l5 5 8 m :^ "T S 30 

„ n -7 >' K t L T ti , ^ ti\ K ft *r ^ h 7 - ^ <D 7 r I' z'? 7" , & « . -t i'" p< 

[0019] 

yn^^AeotJ, *fgBI<0^«yh7-^^f|-:^&/)^fESB*n/'cfe<D-r-^§o v^- 

X6 2(i. ^-•yh7-^Kft^ff^fca6(D^ISftSi^«T=^-^'^-XT^^„ 03(illl2 
4icD7'py^A6 0CDliHg7'n-yi7[a-r$.^o 03lc^-rJ:-5lC, 7'n^7^A6 0«, A 

y y ^ y — x^m ^ o 

[0020] 40 

m A am z (p<Dm'f^itm^m7'- ^- 7. 6 2 (omfis.mx^ ^ o m 4 \c^^-t ^ ic . 

m'BM^^^-t r ^ ^ t LX . ^^i^yV^-i^. -fe^^'^tyh^^lcJ:?)^ 

7te7ri'/';£DSm^eiI:^^iT'fcO, SMF (S i ngl 
e Mode Fiber), NZ-DSF (Non-Zero Dispersion 

Shifted Fiber) 
[ 0 0 2 1 ] 

tc It 7t 7 r /^' a ft t- )t fl ^ O ^ T- 0 . ?)S fi ^ ^ < ^ ^ ~ 7^ S N R 
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ifh^-h^hX'h^o -t > h « 5^ . -t y ^ v h -e cO * « T »? . iS ^ 5^- Ac it ft ^ 

ii 'fi ^ n ^ c i: j; '9 . -b^ mi^-t ^ -h^ ^ h ^ . m^itm.'^mhix. 9-:/ v ^ ^ 

, rl£ S g{ @ le f? ^fe tij m t§ * L T- e iM nl i: * ^ ^ m « ^ igJ R :^ T § e ^- -y VV - 
[ 0 0 2 2 ] 

^1 76. -typt^h 20dB, -fei7^:/h^5-e^^ ^i-^^fejH^^ -y - ^ 
;l/i:br»/^S, 2 # 1 *^iM^ffl!l^^X{4S*'t'mt§. 2 # 2 *^^Mfflll«iS©Xt4S^*mf§ 
, 4#2~4#5*^^f^>fm^*^BES?n^/-F-eJ6So S^t't'SSgi^LTiSi^Wtg^ 
$|l^fiA^-ty;^yhffi^S (S^S:*:ffl*M) 20c!Bx5=l OOdBtcffiaStfSO lO 
. Jl(D-bi7'^>hl~7$TcD^i*OEfifi^»iPi:LT.*ll«««fiJStt%l. 0 0^-^ 

So ccTti. -fe > h o^tS{t$i#fi = -tr y y h «*/'S?fs^:^a^a-p^^ b T 
|115lt^-ri;9fc, #-try^>hl~5(7)-bi'';<:/hffl^jb<20dB?£SCtj; 
0. y^>h«^iM1« ft i^^ati 20/1 00 = 0. 2 T'^§. 

[ 0 0 2 3 ] 

1/^ ^ <0 Ji ic {i , -b y ^ > h ffl 5^ >b^ /J^ ^ < ^ 5 o 0!l ^ . la 6 m -r J: 9 fc . -b ^ ^ > h 
l-e«. -t</>{yhffl*15dB, -ty^yhZTMi, -t^'*^>hffl^l6dB, -b^^ 
:/h«^l 7dBT-feSo S3fe4'*lii*L-eiEjMoI^6^«^-fe^^';<>h«*i:-ty^>H 
SS(*'«20dBX5X>''^>'h-rSi:«-by^>'hl. 2. 3CD^1^ffc$6^fitiO. 15 (1 20 
5/100). 0. 16 (16/100). 0. 17 (17/100) i:^SoC<^>J;9 

*(i^itx-^"^-7.6 2tc^sa^$nTi>5» 

[ 0 0 2 4 ] 
[ 0 0 2 5 ] 

»^*mi§iastmgp 6 6 afiiMiceeg^sife*fflii§is*:>:^ (i) <}: t> gm-r so 

[ 0 0 2 6 ] 

^^"fsafg^ L-eejMRiHgi:^?.stSM*iJ^ffl (i. oo) */Mfi(^J.;^T<a o itxfcfa 

• • ( 1 ) 

• • ( 2 ) 

ia7{±mMS^'t'j»^iS[cD^j^s^-ria-efe-i.o 07{c^f*^tc. iSM2#i, 2*2 

7b^-feyp<>'hl~4ti:J:!3«fi5c^nT*5»?. S--fey?tyh i~4<D-by;<>hS*ft*^2 
OdBT'SSfct. ^<S{ti^^ax-^'^-XJ;0i^^tSfb^(l^a{4 0. 20X4 = 0. 
80i:'5;0, RFTSSS^EfJliil&=0. 80/1. 00 (/jN^;t^t»JST) = Oi:^D. S 40 
^ ^1 §1 C ^ ^ 2 # 1 . 2 # 2 H T' (4 ^ -i:- S T' 5 o 
[ 0 0 2 7 ] 

m 8 «mss*'t')^^s<off>J*^-r^T'fe§o S8ic5^-r<fe9{c. i^M2#i. 2*2 

OdBTfeSt^. Ji1gft*|^Sx-^-<-Xj:De^t8fbM^-.»t4 0. 20X7=1. 

4 0.p;fS^^4'*if§ia=i. 4 0/1. oo('jNia^^J';}^T)=ii;^?)o 

[ 0 0 2 8 ] 

2#2P^7b^-try^>^l~l 0tCj;'3fllfiSt^nT:io»3, ^-t^^^Vhl-I OO-t^^'^^ 

h 2 0 d B -e« i. t «l&ft*tt^fi7^- ^ cfc 0 ^.^^Sft^^ttti 0 . 2 50 
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0X10 = 2. 0 0 . mmm^^m^&.= 2 . oo-i. oo=ii:^5, 

[ 0 0 2 9 ] 
[ 0 0 3 0 ] 

• • ■ ( 3 ) 

BIi O{i&3REIHlc*f-r5i^^fl:^nfc$6Wfi*ij^ifiol¥tUf^J^^t-0T'feSo lai 0 
\c^t ^ r> IC. 2 # I , 2#2ia*^-byp«>'hl~12fcj:f3«fi)(;$nT*30. §-tr 

y?<yh 1~1 2 (O ^ ^' ?^ y h m^M-f}^ 2 0 d B T & ^ t . ^a^&fb^^Sx-^-^-X 10 
X 0 '&m.^itmmmlt 0 . 20X12 = 2. '10.p;fSS^'f'*SiiS!(=2. 40/1. 0 
0 (/jN^ii^^OJgT) = 2.^3RIE:Fa(cS^LTSiJf3STSSST^«*lJ^ffi=2. 4 0/'( 
2+1) = 0. 8 0 tiSi^o 
[ 0 0 3 1 ] 

m \ mmmm 

mi I ii^mm(om \ ^mmm^^ ^ ^ y h "7 - ^sfy ti - ^ ^ - h x & ^ o mi 2 n 

fet/>T, #3EF.atc*3tt5^^fifiJ^ffl*WtB-r^o 0 1 2{c^x-rJ:5lc. !igjS2#l. 

2 # 2 rSii^-ir if >^ > h 1~1 2tc«feO^#fi!e«nT*3t)> ^-bi'ptyh 1~1 2 (D if y 20 

HS^a*^ 2 0 d B 5 i: S^M1gfkM§«{± 0 . 2 0 X 1 2 = 2. 4 0 ,«<S{k$t 

mmr"— ^ ^ - ^ ^ 'om^n^^m^%^ = 2 . 40/1. 00 (/Ms.'^^joitT) =2, 
^ 3 Rm.micMLxp]') ^x ^m^m im'Bmm^m) = 2 . 40 / (2+1) = 0. s 
0 i: ^ 5 o 

[ 0 0 3 2 ] 

SaSgl?6 8tt, «y y S 5 6 -XT^-y y S 7 0 OMSJ^lTlV ^ tfi ^ g§ / :B * * ^ H 

^BBB-rSo 7.7^'y7'S5 6(c43U^T. y-KSMfeSlCfSSfe't'^gg^SEKLT. {53 

Xt^ -y T' S 5 8 iCfcl^T. ft SS W ft O ^ M W S ipj ^ fit * @ ^ *^ S * 

S-rSo ^1gfl:*80«<DM«7b^^^ft¥iJ^ffl%e?tfc«^> Xx-yT'S 6 Olcji*, M1« 30 

itm.'S&'Dmmt'^m^sm^i^m^m^x i^^rjii,^^-^^ x -r -y 7° s e e [c it ty 1 msxit 
, y-K^«fii®4#i-e(i. ^tSftss^s^m^A^o. 20*©-^. Ji^sfiJ^fiio. 

S0^M7L^^^<DX. XT^-yyseOiCjfitf, 
[ 0 0 3 3 ] 

X 7^ <y y S 6 0 tt T . Hu y - F A< (5 ^ 4^ §1 ^ e. IE it fS ^ L . StJ / - H 

«|J ^ X (4 ^ 4 "f" ^ ^ ^ €> <5I L o C C T fi . 7 - K 4 # 1 HU y - K jM fi ffliJ 4S 

© T CD -C M t =& V^ o X X -y 7° S 6 2 til *3 1/^ T . ?g a 7 - K g ^ IS ©J H "C 

f4E*'5SeffilJ4SM-^^ttnff. X7^-y7°S6 4{Cjlity, Xx«y7'S6 4lC*iV>T. mt£(D 

/ - ¥ mm ^mmm'pmm t L . y - ^^mikm^-xy - ¥\c^lx . xx-y^ssefc 40 

KSo {?iJ^l£. y-K4#l^flg^f^*mf5i:L. y-K-SfSfiE*/-K4#2fc^L 
T. Xx-yT'ssetMs, y-K4#2tCOl>T«. *l^fbSI^M®^«ffi*^o. 4t 
j5:5<JDT'. X-r-yyS6 0tcfet,>T. M/-K4#l^iE^tc^)g*^SiiLT5t^-rS 
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(54) NETWORK DESIGNING APPARATUS 

A^^asKr^i^. (57)Abstract: 

PROBLEM TO BE SOLVED: To provide a network designing 
-itei '4s.'2 apparatus for performing an efficient network designing technique for 

a WDM (wavelength division multiplex) optical transmission system. 
SOLUTION: A network designing apparatus for designing a 
transmission system network comprises a standardized noise 
quantity calculation part for calculating standardized noise quantity of 
each segment from a noise quantity of each segment of a design 
target, based on a total sum of whole segments of a reference noise 
quantities of segments in a transmission network model, in which 
linear relays are arranged between a transmission side terminal 
station and a reception side terminal station and in which the 
maximum number of linear relays to bring a noise in a received signal 
at the reception side terminal station into an acceptable range; a 
reproducing relay calculation part for calculating the number of 
necessary reproducing relays based on the total sum of the reference noise quantities and the total sum of 
the normalized noise quantities of the whole segments of the designing target; and an arrangement part for 
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arranging the reproducing relays so as to equalize a cumulative noise quantity of the normalized noise 
quantities based on the number of the reproducing relays. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

In the network-design equipment which designs the transmission system network which has arranged the 
linear repeater which performs signal magnification, and the regenerative repeater which performs signal 
regeneration and signal magnification in a list in two or more locations where from the 1 st terminal office 
before the 2nd terminal office was decided, respectively, and connected the segment between the terminal 
office and a linear repeater, the segment between linear repeaters, and the segment between a linear 
repeater and a regenerative repeater to them with the optical fiber, 

A linear repeater is arranged between the transmitting-side terminal office and the receiving-side terminal 
office, without using a regenerative repeater. About a transmission network model when the linear repeater 
of the maximum number with which the noise of the input signal in the receiving-side terminal office when 

2 



JP2004-48477 

connecting between these with a predetermined optical fiber serves as tolerance has been arranged The 
segment between the transmitting-side terminal office and a linear repeater, the segment between linear 
repeaters, And a linear repeater and the amount calculation section of standardization noises which 
computes the amount of standardization noises of each segment from the amount of noises about each 
segment for a design based on total of all the segments of the amount of reference noises about the 
segment between the receiving-side terminal offices, 

The regenerative-repeater calculation section which computes the number of a needed regenerative 
repeater based on total of said amount of reference noises, and total of all the segments for [ of said amount 
of standardization noises ] a design. 

The arrangement section which arranges a regenerative repeater based on the number of said regenerative 
repeater so that the amount of accumulation noises of the amount of standardization noises between the 
1 st terminal office and a regenerative repeater, between regenerative repeaters, and between the 2nd 
terminal office and a regenerative repeater may become equal. 
Network-design equipment characterized by providing. 
[Claim 2] 

Said arrangement section is network-design equipment according to claim 1 which makes the value which 
did the division by the added number a standardization decision value, and is characterized by arranging a 
regenerative repeater so that it may become the maximum to which the accumulation value of the amount of 
standardization noises between the 1st terminal office and a regenerative repeater and between 
regenerative repeaters does not exceed said standardization decision value one to the number of said 
needed regenerative repeater about total of all the segments of said amount of standardization noises. 
[Claim 3] 

Said arrangement section makes the value which did the division of the total of all the segments of said 
amount of standardization noises by the number added to the number of said needed regenerative repeater 
one a standardization decision value. A regenerative repeater is arranged so that it may become the 1st 
terminal office and the maximum to which the accumulation value of the amount of standardization noises 
between regenerative repeaters does not exceed said standardization decision value. Network-design 
equipment according to claim 1 characterized by arranging the following regenerative repeater, using the 
value which added the difference of a standardization decision value and the accumulation value concerned 
to the standardization noise figure as a standardization noise figure. 
[Claim 4] 

Network-design equipment according to claim 1 characterized by providing further the database which 
memorizes the corresponding amount of standardization noises for every type of an optical fiber, number of 
wavelength multiplexed by the optical fiber concerned, and segment loss. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] 

Especially this invention relates to the optimal arrangement of the regenerative repeater between the 
terminal offices about the network-design equipment of a WDM lightwave transmission system. 
[0002] 

[Description of the Prior Art] 

Super-long-distance and mass optical-communication equipment is demanded with the spread of current 
and rapid broadband environments. As a method which realizes this large capacity-ization. the WDM method 
which can increase transmission capacity, without adding modification has developed into the transmission 
line quickly. To design efficiently a WDM lightwave transmission system with high dependability in connection 
with this is needed. A WDM lightwave transmission system consists of the linear repeaters (1R) or 
regenerative repeaters (3R) which have been arranged between the terminal offices. A linear repeater 
amplifies a receiving lightwave signal by Sadatoshi Tokoro profit so that it may compensate attenuation of a 
lightwave signal. Regenerative repeaters are photoelectricity conversion, signal regeneration, and a thing 
that amplifies [ regenerative-signal-] and changes [ light / electric /-] about a receiving lightwave signal. It 
is for preventing that a noise mixes in the main signal by signal magnification, opposite signal to noise ratio 
deteriorates by amplifying this noise, and it becomes impossible by the receiving side to reproduce to carry 
out signal regeneration. 
[0003] 

Drawing 16 is the conventional network design flow chart. Drawing 1 7 is drawing showing the example of 
equipment arrangement between the conventional terminal offices. As shown in drawing 17 , the terminal 
office 2#1 and the section of 2#2 are divided into seven segments 1-7. A segment says between 1 R and 3R 
between 1R between 1R/3R and the terminal office 2#2 between 1R/3R arranged in the location beforehand 
decided between the terminal office 2#1 and 2#2. and the terminal office 2#1. A network design says 
arranging 1R/3R to node location 4#i (i=1-6) of the edge of Segment i (i=1-7) from each segment loss. 
Segment loss serves as a design parameter for Light SNR deteriorating by generating of a noise, and 
magnification of a noise by magnification, although it amplifies by the segment loss by 1R/3R in order to 
compensate the magnitude of attenuation of a lightwave signal which passes the optical fiber in a segment. 
That is, it is because the amount of segment loss serves as a factor of the propriety of signal regeneration. 
[0004] 

Hereafter, the conventional network-design approach is explained with reference to drawing 1 6 and drawing 
17 . In step S2, a temporary regenerative repeater is arranged in the node receiving location 4#1 of a 
segment 1. The section which has arranged the temporary regenerative repeater is called temporary 3R 
section. In step S4, the arrival-of-the-mail light SNR of the temporary 3R section is computed. For example, 
as shown in the 1 st time in drawing 1 7 , the transmitting-side terminal office 2#1 presupposes that Light 
SNR sent out the lightwave signal by 30.0dB. Light SNR originates in the noise mainly mixed at the time of 
signal magnification of optical amplifier. The arrival-of-the-mail light SNR is set to 23.8dB. In step S6. it 
judges whether the arrivahof-the-mail light SNR is over the transmission propriety decision value. 
[0005] 

If the arrival-of--the-mail light SNR exceeds a transmission propriety decision value, it will progress to step 
S8. If a transmission propriety decision value is not exceeded, it will progress to step SI 4. In the 1st time. 
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the light SNR of the transmitting-side terminal office is 30.0dB, and the arrival-of-the-mail light SNR is 
23.8dB. and since it is larger than the transmission propriety decision value of 1 7.5dB, it progresses to step 
S8. In step SB, if a front node is a temporary track form repeater, it will decide to a forward type, and if a 
front node is the transmitting-side terminal office or a regenerative repeater, nothing will be done. In the 1st 
time, since a front node is the transmitting-side terminal office 2#1, nothing is done here. In step S10, a 
current node location is the receiving~side terminal office, or non-C is judged. It will end. if a current node 
location is the receiving-side terminal office. 
[0006] 

If a current node location is not the receiving-side terminal office, it will progress to step SI 2. In step SI 2, a 
current node is used as a temporary track form repeater, and a node receiving location is moved to degree 
node. Here, the current node 4#1 is used as a temporary track form repeater, and it moves to degree node 
4#2, and returns to step S2. In the 2nd time, in step S2 and S4. a temporary regenerative repeater is 
arranged to the current node 4#2. and the arrival-of-the-mail light SNR of the temporary 3R section is 
computed. In the 2nd time, since the arrival-oMhe-mail light SNR of the current node 4#2 was set to 
21.4dB and is over the transmission propriety decision value, in step SB, the front node 4#1 is decided to a 
linear repeater at a forward type. A receiving node is moved to degree node 4#3 by using the current node 
4#2 as a temporary track form repeater, and it returns to step S2. 
[0007] 

In the 3rd time, in step S2, S4. and S6. since the temporary regenerative repeater has been arranged to the 
current node 4#3. the arrival-of-the-mail light SNR of the temporary 3R section was computed, the 
arrival-of-the-mail light SNR of the current node 4#3 was set to 19.8dB and it is over the transmission 
propriety decision value, the front node 4#2 is decided to a linear repeater at a forward type, and it moves to 
degree node 4#4. and returns to step S2. In the 4 or 5th time, a temporary regenerative repeater is arranged 
to the current node 4#4 and 4#5 in step S2. S4. and 86. Since the arrival-of-the-mail light SNR of the 
temporary 3R section was computed, the current node 4#4 and the arrival-of-the-mail light SNR of 4#5 
were set to 18.6dB and 17.7dB and it is over the transmission propriety decision value, the front node 4#3 
and 4#4 are decided to a linear repeater at a forward type, and it moves to degree node 4#6. and returns to 
step S2. 
[0008] 

In the 6th time, in step S2, S4, and S6. since a temporary regenerative repeater is arranged to the current 
node 4#6. the arrival-ofHhe-mail light SNR of the temporary 3R section is computed, the 
arrival-of-the-mail light SNR of the current node 4#6 is set to 17.0dB and it is not over the transmission 
propriety decision value, it progresses to step SI 4. In step SI 4, it judges whether a front node is a temporary 
track form repeater. If a front node is a temporary track form repeater, it will progress to step S1 6. If a front 
node is not a temporary track form repeater, it will progress to step SI 8. 
[0009] 

In the 6th time, since the front node 4#5 is a temporary track form repeater, it progresses to step SI 6. In 
step SI 6. although the temporary track form repeater of the front node 4#5 is decided as a regenerative 
repeater, a node receiving location is not changed. In the 7th time, since a node 4#5 is arranged as a 
regenerative repeater and performs signal regeneration and magnification, a node 4#5 plays the same role as 
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the transmitting-side terminal office 2#1 . carries out the same processing as the 1 st time, uses the current 
node 4#6 as a temporary track form repeater, and moves a node receiving location to the receiving-side 
terminal office 2#2. In the 8th time, the front node 4#6 is used as a linear repeater, and by steps S2-S10, a 
node 4#6 is decided to a forward type as a linear repeater, and it ends. 
[0010] 

[Problem(s) to be Solved by the Invention] 

Since a regenerative repeater is not arranged until the arrival-of-the-mail light SNR becomes small and it 
becomes impossible from a transmission propriety decision value to transmit it when determining the 
arrangement location of a regenerative repeater using the network design of the conventional WDM 
lightwave transmission system, Light SNR may arise [ 3R sections of a high price ] extremely. For example, 
as shown in drawing, in 3R sections of the terminal office 2#1 - a node 4#5, to the arrival-of-the-mail light 
SNR being 17.7dB, the arrival-of-the-mail light SNR is set to 21.4dB. and Light SNR serves as a high price 
extremely in 3R sections of a node 4#5 - the terminal office 2#2. 
[0011] 

For this reason, although transmission propriety will be guaranteed if it is based on the proper standpoint of 
equipment arrangement and says. 3R sections with the margin of Light SNR and 3R sections which are not 
may be generated. In 3R sections without this optical SNR margin, since worst transmitting [ which caused 
transmission characteristic degradation ] may become impossible if the network design of that ** is used 
when some modification occurs to that customer data in the lightwave transmission system road section 
designed by same standard which a customer demands as compared with 3R sections with an optical SNR 
margin, great costs may arise in the maintenance resulting from these. If these points are taken into 
consideration, it cannot be said that the network design of the conventional WDM lightwave transmission 
system that 3R sections which are the light SNR of a high price extremely are generated is the optimal. 
[0012] 

On the other hand, when it was based on the standpoint of the efficiency of equipment arrangement, are said 
and such a conventional network design is used, since calculation of the arrival-of-the-mail light SNR is 
very complicated, it will require great time amount and a great effort. Furthermore, since readjustment of 
equipment arrangement and the re-calculation of the arrival-of-the-mail light SNR occur by remarkable 
frequency even if it tries equalization of the arrivahof-the-mail light SNR from the conventional 
network-design result, the number of steps concerning a design will become great. From these points, the 
network-design technique of the conventional WDM lightwave transmission system cannot perform an 
efficient design. 
[0013] 

This invention is made in view of the above, and aims at offering the network-design equipment which can 
perform the network-design technique so that it may be the effectiveness of a WDM lightwave transmission 
system. 
[0014] 

[Means for Solving the Problem] 

Drawing 1 (a) - (c) is the principle Fig. of this invention, and drawing in which drawing 1 (a) shows a 
transmission network model, drawing in which drawing 1 (b) shows the transmission network for a design, and 
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drawing 1 (c) are the block diagrams of transmission network-design equipment As shown in drawing 1 , a 
transmission network model is a network model for carrying out a network design, and between the 
transmitting-side terminal office 10#1 and the receiving-side terminal office 10#2 consists of segment 
12#1-12# (n+1) of an individual (n+1). A linear repeater is arranged at edge 14#[ of segment 12#i (i= 1 to 
n+1) ] i (i=1-n). n is the maximum number from which the noise of the signal in the receiving-side terminal 
office 10#2 serves as tolerance. 
[0015] 

The amount of reference noises which shows the amount of noises is defined as segment 12#i. On the other 
hand, in the network for a design, the amount of noises of node location 22#j 0=1 of a linear repeater or 
a regenerative repeater and its segment 24#j (j= 1 to m+1) serves as known between the 1st terminal office 
20#1. the 2nd terminal office 20#2, the 1st terminal office 20#1, and the 2nd terminal office 20#2. 
[0016] 

The amount calculation section 30 of standardization noises computes the amount of standardization noises 
of each segment 24#i based on the total about all the segments of the amount of reference noises in the 
transmission network model shown in drawing 1 (a) to segment 12#i (i= 1 to n+1) Attach from the amount of 
noises in each segment 24#j for a design 0= 1 to m+1). The number calculation section 32 of regenerative 
repeaters computes the number of a needed regenerative repeater based on total of the amount of 
reference noises about segment 12#i (i= 1 to n+1). and total of all segment 24#j for [ of the amount of 
standardization noises ] a design G= 1 to m+1). Based on the number of a regenerative repeater, the 
arrangement section 34 arranges a regenerative repeater so that the amount of accumulation noises of the 
amount of standardization noises between the 1st terminal office 20#1 and a regenerative repeater, between 
regenerative repeaters, and between the 2nd terminal office and a regenerative repeater may become equal. 
[0017] 

Thus, since the light SNR of each 3R section is equated, the optical SNR margin of homogeneity can be 
obtained in each 3R section. Therefore, even if some modification occurs as compared with the case where 
there is no optical SNR margin, to the data of the increase of proof stress over a design change, and a 
lightwave transmission system road section designed by same standard, possibility of changing the network 
design itself can be decreased. Furthermore, since the network designed using the above-mentioned 
network-design technique is already equated, there is no need for readjustment of equipment arrangement 
of equating the arrival-of-the-mail light SNR. Therefore, the man day of a design to a network design is 
greatly reducible. 
[0018] 

[Embodiment of the Invention] 

Drawing 2 is the block diagram of the network-design equipment by the operation gestalt of this invention. 
As shown in drawing 2 , network-design equipment is realized by the computers 50, such as a personal 
computer and a workstation. A computer 50 consists of the processing sections 58 which consist of CPU 
which performs the storage 56 and the program 60 grade which memorize the input section of keyboard 52 
grade, the output section of indicating-equipment 54 grade, and a program 60 and a database 62. From a 
user, a keyboard 52 inputs the command concerning a network design etc., lets a bus 59 pass, and outputs it 
to the processing section 58. As a command, they are design condition parameters, such as a fiber type of 
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the network for a design, the number of wavelength, and segment loss, for example. 
[0019] 

As for a program 60. the network-design approach of this invention is described. A database 62 is the 
amount database of standardization noises for performing a network design. Drawing 3 is the functional block 
diagram of the program 60 in drawing 2 . As shown in drawing 3 . a program 60 consists of I/O control unit 64. 
the total amount calculation section 65 of standardization noises, the number calculation section 66 of 
regenerative repeaters, the amount decision value calculation section 67 of noises, and the arrangement 
section 68. I/O control unit 64 manages the man machine interface between users. 
[0020] 

Drawing 4 is the block diagram of the amount database 62 of standardization noises in drawing 2 . As shown 
in drawing 4 , the amount database 62 of standardization noises is a database for computing the amount of 
standardization noises, and is decided by the segment type, the number of wavelength, and segment loss as 
a factor which determines the amount of standardization noises. A segment type is the class and 
transmission system of an optical fiber, and are SMF (Single Mode Fiber), NZ-DSF (Non-Zero Dispersion 
Shifted Fiber), etc. 
[0021] 

It is because the margin of Light SNR changes with segment types. The number of wavelength is the number 
of wavelength of the lightwave signal multiplexed to the optical fiber in a WDM method, and when the number 
of wavelength increases, since the margin to Light SNR becomes small, it is because it is necessary to 
change the amount of standardization noises according to the number of wavelength. Segment loss is the 
amount of loss in a segment and is because a noise increases from signal magnification being carried out a 
lost part, the transmission network model whose number of the linearity B boards from which transmission of 
the amount of standardization noises is attained [ having no regenerative repeater and ] for every segment 
type and number of wavelength is max — the amount of segment loss to total of the amount of segment loss 
to kick comes out comparatively. 
[0022] 

Drawing 5 is drawing showing the example of calculation of the amount of standardization noises. Here, the 
case where they are a segment type SMF, 176 wavelength, 20dB of segment loss, and five segments is made 
into the transmission network model. It is the node by which the transmitting-side terminal office or a 
regenerative repeater and 2#2 are arranged for 2#1 . and a linear repeater is arranged for the receiving-side 
terminal office or a regenerative repeater, and 4#2 to 4#5. The amount of noises which can be transmitted 
[ having no regenerative repeater and ] is a considerable amount and sets the decision value of the amount 
of noises to 1.00 at amount of segment loss (amount of the criteria maximum loss) 20dBx5=100dB on the 
basis of the section to [ whole ] these segments 1-7. As it defines by amount of standardization noises = 
segment loss / the amount of the criteria maximum loss of a segment and is here shown in drawing 5 , the 
amounts of standardization noises of each segment are 20 / 1 00= 0.2 from segment loss of each segments 
1-5 being 20dB. 
[0023] 

Drawing 6 is drawing showing the example of the amount calculation of standardization noises at the time of 
segment loss reduction. In cases, like the segment section is short, segment loss becomes small. For 

8 



JP2004-48477 

example, as shown in drawing 6 , in a segment 1 . they are 1 6dB of segment loss, and 1 7dB of segment loss at 
15dB of segment loss, and a segment 2. If the maximum segment loss and the number of segments which 
can be transmitted [ having no regenerative repeater and ] consider as 20dBx5 span, the amount of 
standardization noises of segments 1. 2. and 3 will be set to 0.15 (15/100). 0.16 (16/100). and 0.17 (17/100). 
Thus, the computed amount of standardization noises is stored in the amount database 62 of 
standardization noises for every segment type, number of wavelength, and segment loss. 
[0024] 

The total amount calculation section 65 of standardization noises has the following function. When designing 
the network between the terminal offices, segment loss of the segment type between the terminal offices, 
the number of wavelength, the number of segments, and each segment section between the terminal offices 
is inputted by the user. With reference to the amount database 62 of standardization noises, the amount of 
standardization noises of each segment is computed, and let these total be the total amounts of 
standardization noises. 
[0025] 

The number calculation section 66 of regenerative repeaters computes the number of regenerative 

repeaters required for transmission by the degree type (1). 

[0026] 

Value which omitted the amount decision value (1.00) of noises whose transmission is attained [ having no 
the number of regenerative repeaters = total amount of standardization noises / regenerative repeater 
required between the terminal offices, and ] below decimal point when the total amount of standardization 
noises was not a positive integer .. (1) 

When the total amount of standardization noises is a positive integer, it is the number of regenerative 
repeaters = total amount of standardization noises required between the terminal offices. - 1 .. (2) 
Drawing 7 is drawing showing the example of the number of necessary regenerative repeaters, the time of 
between the terminal office 2#1 and 2#2 being constituted by segments 1-4. and the amount of segment 
loss of each segments 1-4 being 20dB. as shown in drawing 7 — the amount database of standardization 
noises — the total amount of standardization noises — 0.20x4=0.80 — becoming — the number of 
necessary regenerative repeaters — it is set to =0.80 / 1 .00(decimal point cut-off) = 0, and a regenerative 
repeater is unnecessary between this terminal office 2#1 and 2#2. 
[0027] 

Drawing 8 is drawing showing the example of the number of necessary regenerative repeaters, the time of 
between the terminal office 2#1 and 2#2 being constituted by segments 1-7, and the amount of segment 
loss of each segments 1-7 being 20dB, as shown in drawing 8 — the amount database of standardization 
noises — the total amount of standardization noises — 0.20x7=1.40 and the number of necessary 
regenerative repeaters — it is set to =1.40 / 1.00(decimal point cut-off) = 1. 
[0028] 

Drawing 9 is drawing showing the example of further others of the number of necessary regenerative 
repeaters. As shown in drawing 9 , between the terminal office 2#1 and 2#2 is constituted by segments 1-10. 
and when the amount of segment loss of each segments 1-10 is 20dB. the total amount of standardization 
noises is set to 0.20x10=2.00 and necessary regenerative-repeater number =2.00-1.00=1 from the amount 
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database of standardization noises. 
[0029] 

The amount decision value calculation section 67 of noises computes the amount decision value of noises 

assigned to each 3R section by the degree type (2). 

[0030] 

The amount decision value of noises of each 3R section = total amount of standardization noises/(+one 
regenerative repeater required between the terminal offices) ... (3) 

Drawing 10 is drawing showing the example of calculation of the equated amount decision value of noises 
over each 3R section, the time of between the terminal office 2#1 and 2#2 being constituted by segments 
1-12. and the amount of segment loss of each segments 1-12 being 20dB, as shown in drawing 10 — the 
amount database of standardization noises — the total amount of standardization noises — 0.20x12=2.40 
and the number of necessary regenerative repeaters — =2.40 / 1 .00(decimal point cut-off) = 2. and every — 
it is set to amount decision value =of noises2.40/(2+1) =0.80 assigned to 3R sections. 
[0031] 

The 1 st operation gestalt 

Drawing 1 1 is a network design flow chart by the 1st operation gestalt of this invention. Drawing 12 is 
drawing showing the example of equipment arrangement between the terminal offices. The total amount of 
standardization noises is computed in step S50. In step S52, the number of regenerative repeaters required 
for transmission is computed. In step S54, the amount decision value of noises in the three sections each is 
computed. As shown in drawing 12 , when between the terminal office 2#1 and 2#2 is constituted by 
segments 1-12 and the amount of segment loss of each segments 1-12 is 20dB. the total amount of 
standardization noises — 0.20x12=2.40 and the amount database of standardization noises — the number of 
necessary regenerative repeaters — =2.40 / 1.00(decimal point cut-off) = 2, and every — it is set to amount 
(amount decision value of noises) =of noises2.40/(2+1) =0.80 assigned to 3R sections. 
[0032] 

The arrangement section 68 processes step S56 - step S70, and arranges a linear repeater/regenerative 
repeater. In step S56, a temporary regenerative repeater is arranged in a node receiving location, and the 
amount of standardization noises of the temporary 3R section is accumulated. For example, a temporary 
regenerative repeater is arranged in the node receiving location 4#1. In step S58, it judges whether 
accumulation of the amount of standardization noises exceeded the amount decision value of noises. When 
accumulation of the amount of standardization noises exceeds the amount decision value of noises, it 
progresses to step S60, and when accumulation of the amount of standardization noises is not over the 
amount decision value of noises, it progresses to step S66. In the 1 st time, in the node receiving location 4#1. 
since accumulation of the amount of standardization noises is 0.20 and the amount decision value 0.80 of 
noises is not exceeded, it progresses to step S60. 
[0033] 

In step S60. if a front node is a temporary track form repeater, it will decide to a forward type, and if a front 
node is the transmitting-side terminal office or a regenerative repeater, nothing will be done. Here, since the 
front node of a node 4#1 is the transmitting-side terminal office, nothing is done. In step S62. it judges 
whether a current node location is the receiving-side terminal office. It will end, if a current node location is 
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the receiving-side terminal office. If a current node location is not the receiving-side terminal office, it will 
progress to step S64. In step S64, a current node location is used as a temporary track form repeater, a 
node receiving location is moved to degree node, and it returns to step S56. For example, a node 4#1 is used 
as a temporary track form repeater, a node receiving location is moved to a node 4#2, and it returns to step 
S56. Since the accumulation value of the amount of standardization noises is set to 0.4 about a node 4#2. in 
step S60, the front node 4#1 is decided as a linear repeater to a forward type. 
[0034] 

In step S64, the current node 4#2 is used as a temporary track form repeater, a node receiving location is 
moved to degree node 4#3, and it returns to step S56. The same is said of a node 4#3 and 4#4. a node 4#2 
and 4#3 are decided as a linear repeater, a node 4#3 and 4#4 are used as a temporary track form repeater, 
and it moves to degree node 4#5, and returns to step S56. Since the accumulation value of the amount of 
standardization noises was set to 1.00 and the accumulation value of the amount of standardization noises is 
over the amount decision value of noises about the node 4#5, it progresses to step S66. 
[0035] 

In step S66, it judges whether a front node is a temporary track form repeater. If a front node is a temporary 
track form repeater it will progress to step S68. If a front node is not a temporary track form repeater, it will 
progress to step S70. Here, since the front node 4#4 is a temporary track form repeater, it progresses to 
step S68. In step S68, although the temporary track form repeater of a front node is decided as a 
regenerative repeater, a node receiving location returns to step S56, without changing. Like the following, let 
a linear repeater and a node 4#8 as a regenerative repeater, and let a node 4#9 to 4#1 1 be a linear repeater 
for a node 4#5 to 4#7. Although a linear repeater/regenerative repeater is arranged by the above step 
between the terminal office 2#1 and 2#2. by segments 1-4, the amount of standardization noises of 3R 
sections Is set to 0.80 by 0.80 and segments 5-7, and is set to 0.80 by segments 8-12, and the amount of 
standardization noises of 3R sections is equated. 
[0036] 

Drawing 1 3 is drawing showing the example which the number of regenerative repeaters arranged between 
the terminal offices increases. In drawing 13 . when segment loss is smaller than 20dB, one segment loss of 
15dB, 16dB of eight pieces, and IdB [ 17 ] is included. In such a case, it becomes the design arranged to a 
regenerative repeater, and the regenerative repeater is increasing from two required regeneration numbers 
estimated first to a node 4#4, 4#8, and 4#12. The amount of accumulation noises of 3R sections becomes 
small rather than the amount decision value (0.80) of noises which assigns this to 3R sections. For example, 
the amount of accumulation noises of 3R sections of 0.73, a node 4#4, and a node 4#12 is set [ the amount 
of accumulation noises of 3R sections of the transmitting-side terminal office 2#1 and a node 4#4 ] to 0.72 
by the amount of accumulation noises of 3R sections of 0.76. a node 4#4, and a node 4#8. The number of the 
regenerative repeater designed rather than the estimated number of the need has increased. 
[0037] 

The 2nd operation gestalt 

Drawing 1 4 is a network design flow chart by the 2nd operation gestalt. Drawing 15 is drawing showing the 
example of equipment arrangement between the terminal offices, and the design condition is the same as 
drawing 1 3 . The total amount of standardization noises is computed in step SI 50. In step SI 52, the number 
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of regenerative repeaters required for transmission is computed. In step SI 54, the amount decision value of 
noises in each 3R section is computed, it is shown in drawing 1 5 — as — the total amount of standardization 
noises — 2.40 and the number of necessary regenerative repeaters — =2.40 / 1,00(decimal point cut-off) = 
2, and every — it is set to amount (amount decision value of noises) =of noises2,40/(2+1) =0.80 assigned to 
3R sections. About the node receiving location 4#1 to 4#4, it is the same as that of the 1st operation gestalt, 
a node 4#1 to 4#3 is decided as a linear repeater, and a node 4#4 performs processing about the node 
receiving location 4#5 as a temporary track form repeater. 
[0038] 

About the node receiving location 4#5. in step SI 56, a temporary regenerative repeater is arranged in a node 
receiving location, and the amount of standardization noises of the temporary 3R section is accumulated. 
Here, the amount of accumulation standardization noises is set to 0.92. In step SI 58, it judges whether 
accumulation of the amount of standardization noises exceeded the amount decision value of noises. When 
accumulation of the amount of standardization noises exceeds the amount decision value of noises, it 
progresses to step SI 66. and when accumulation of the amount of standardization noises is not over the 
amount decision value of noises, it progresses to step SI 60. In the node receiving location 4#5, since the 
amount of accumulation standardization noises is 0.92 and the amount decision value 0.80 of noises is 
exceeded, it progresses to step SI 66. 
[0039] 

In step SI 66, it Judges whether a front node is a temporary track form repeater. If a front node is a 
temporary track form repeater, it will progress to step S168. If a front node is not a temporary track form 
repeater, it will progress to step S1 72. Here, since the front node 4#4 is a temporary track form repeater, it 
progresses to step 8168. In step SI 68, although the temporary track form repeater of a front node is 
decided as a regenerative repeater, a node receiving location is not changed. In step SI 70, the settled 
difference of the amount decision value of noises of 3R sections and the amount of accumulation 
standardization noises is transferred to the amount decision value of noises of degree 3R section. It returns 
to step SI 56. For example, 3settled R sections are the section of the transmitting-side terminal office 2#1 
and a node 4#4, the amount of accumulation standardization noises is 0.76. and since the settled difference 
of the amount decision value of noises of 3R sections and the amount of accumulation standardization 
noises is 0.80-0.76=0.04, the amount decision value of degree noises is set to 0.84 which added difference 
0.04 to the amount decision value 0.80 of noises in 3R sections calculated first. 
[0040] 

Hereafter, it is decided as a linear repeater and the receiving node 4#5 to 4#7 uses the receiving node 4#8 as 
a temporary track form repeater. Although the amount of accumulation standardization noises to segments 
5-9 is set to 0.83 in step S1 56 about the receiving node 4#9 by using the receiving node 4#9 as a temporary 
playback linear repeater, since it is smaller than the amount decision value 0.84 of specification noises, the 
front node 4#8 is decided as a linear repeater, the current node 4#9 is used as a temporary track form 
repeater, and a node receiving location is moved to degree node 4#10. In a node 4#10, the amount of 
accumulation standardization noises to segments 5-10 is set to 0.99, since it is larger than the amount 0.83 
of standardization noises, steps S166-S170 are processed, a node 4#9 is used as a regenerative repeater, 
and the amount decision value of noises of degree 3R section is set to 0.80+0.84-0.83=0.81. Similarly, since 
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the amount of accumulation standardization noises of segments 10-14 is 0.81. a linear repeater is arranged 

to a node 4#10 to 4#14. 

[0041] 

Thus, the transfer to the amount decision value of standardization noises and the amount decision value of 
coarse sound volume of degree 3R section of the difference of the amount of accumulation standardization 
noises of Ssettled R sections shows that the arranged number of regeneration is proper. 
[0042] 

[Effect of the Invention] 

Since it becomes possible to perform a network design easily and quickly to various network information by 
standardizing beforehand a segment type, segment loss, and the amount of noises and the amount of noises 
which can be transmitted generated in each node according to the number of wavelength, and carrying out a 
transmission propriety judging according to this invention explained above, it is very useful practical. 
Furthermore, the large cost cut by man day reduction of the menthene NANSU costs of a WDM lightwave 
transmission system and network designs is realizable with this invention. 
[Brief Description of the Drawings] 
[Drawing 1] It is the principle Fig. of this invention. 

[Drawing 2] It is drawing showing the network-design equipment by the operation gestalt of this invention. 

[Drawing 3] It is the functional block diagram of the program in drawing 2 . 

[Drawing 4] It is drawing showing the amount database of standardization noises in drawing 2 . 

[Drawing 5] It is drawing showing the example of calculation of the amount of standardization noises. 

[Drawing 6] It is drawing showing the amount of standardization noises at the time of segment loss reduction. 

[Drawing 7] It is drawing showing the example of the number calculation of necessary regenerative repeaters. 

[Drawing 8] It is drawing showing the example of the number calculation of necessary regenerative repeaters. 

[Drawing 9] It is drawing showing the example of the number calculation of necessary regenerative repeaters. 

<BR> [Drawing 10] It is drawing showing the amount decision value of noises of 3R sections. 

[Drawing 1 1] It is a network design flow chart by the 1st operation gestalt of this invention. 

[Drawing 12] It Is drawing showing the example of equipment arrangement between the terminal offices. 

[Drawing 13] It is drawing showing the number of regenerative repeaters arranged between the terminal 

offices, or the increasing example. 

[Drawing 14] It is a network design flow chart by the 2nd operation gestalt of this invention. 

[Drawing 15] It is drawing showing the example of equipment arrangement between the terminal offices. 

[Drawing 16] It is the conventional network design flow chart. 

[Drawing 1 7] It is drawing showing the example of equipment arrangement between the conventional 
terminal offices. 
[Description of Notations] 

30 The Amount Calculation Section of Specification Noises 
32 The Number Calculation Section of Regenerative Repeaters 
34 Arrangement Section 



13 



